objective Screening of mosquitoes for viruses is an important forecasting tool for emerging and re-emerging arboviruses. Iran has been known to harbour medically important arboviruses such as West Nile virus (WNV) and dengue virus (DENV) based on seroepidemiological data. However, there are no data about the potential mosquito vectors for arboviruses in Iran. This study was performed to provide mosquito and arbovirus data from Iran.
Introduction
West Nile virus is a mosquito-borne virus that belongs to family Flaviviridae, genus Flavivirus and is a member of the Japanese encephalitis (JE) virus sero-complex. WNV is an enveloped virus with a single stranded, positive sense, 11-kb RNA genome that encodes three structural and seven non-structural proteins [1] . WNV strains can be divided into eight lineages. Lineage 1 is subdivided into two clades: clade 1A is formed by widespread strains and clade 1B by Australian WNV Kunjin strains. Lineage 2 is mainly distributed in Sub-Sahara Africa, but since the beginning of the 21st century has also been observed in Europe. Lineage 3 'Rabensburg' contains a strain circulating in Culex pipiens mosquitoes in the Czech Republic. Lineage 4 (strain ) is represented by a strain isolated from Dermacentor marginatus ticks from the Caucasus in 1998. Lineage 5 contains a WNV isolate from India (strain 804994) [2] . Lineage 6 contains WNV strains from Malaysia [3] . The African Koutango virus is closely related to WNV and considered as lineage 7. Lineage 8 consists of WNV strains, which were detected in Cx. pipiens mosquitoes collected in Spain in 2006 [4] ; however, only lineage 1 and 2 isolates have been associated with epidemics [5] .
The natural transmission cycle of WNV usually occurs between birds and mosquitos, with Culex spp. (e.g. Cx. pipiens, Cx. univittatus, and Cx. antennatus and Cx. vishnui complex) being the predominant vector, although transmission to humans has been observed from more anthropophilic species such as Aedes spp [6] . The intensity of transmission to humans is dependent on abundance and feeding patterns of infected mosquitoes and on local ecology and behaviour that influence human exposure to mosquitoes. WNV infection in humans is usually mild or asymptomatic, fewer than 1% of human infections are associated with severe neurological complications [7, 8] .
There is evidence for WNV circulation in neighbouring countries of Iran, that is Pakistan [9] , Turkey [10] and Iraq [11] . Previously, several serological surveys suggested human, horse and bird exposure to WNV in several provinces of Iran [12] [13] [14] [15] , but a vector surveillance study to reveal the transmission cycles of WNV or other flaviviruses was missing. Thus, the main objective of this study was to perform extensive flavivirus surveillance study in mosquitoes from Iran and provides insights into the molecular epidemiology of flaviviruses in Iran.
Materials and methods
The surveillance was performed in the provinces of Gilan, Mazandaran, Golestan, East Azerbaijan and Lorestan (Figure 1 ). The first three provinces lie along the southern coast of the Caspian Sea in the northern region of Iran and have hot and humid summers, many swamps, shaded water bodies, riversides and forests. East Azerbaijan has a semi-arid climate with moderate temperatures in summer and is surrounded by mountains. Lorestan is classified as semi-arid with continental influences, owing to its high altitude and extremely hot, dry summers. It contains diverse geographical regions, such as mountainous areas and plains. Mosquitoes were collected from different habitats in 16 trapping sites in 2015 (July-October) and 2016 (May-September). These included areas where WNV-positive human and equine serum samples had been detected in the past [14] . The dominant land use around the trapping sites could be characterised as 'urban' (one sites), 'rural' (six sites) or 'natural' (nine sites) ( Table 1) .
Sampling was conducted with Biogents Sentinel traps (BioGents, Regensburg, Germany) with CO 2 from a gas cylinder or sugar-fermenting yeast (Turbo Yeast Pure 48, alcotec, Dronfield, UK) as an organic source of carbon dioxide, Heavy Duty Encephalitis Vector Survey traps (EVS traps; BioQuip Products, Rancho Dominguez, CA, USA) with CO 2 from dry ice, hand-held aspirators or gravid traps designed according to the CDC (Centers for Disease Control and Prevention) gravid trap model 1712 (John W. Hook Company, Gainesville, FL, USA) with a hay infusion as oviposition attractant [16] . All mosquitoes were stored immediately on dry ice and transported to the laboratory.
Each specimen was identified on chill boxes using morphological characters [17, 18] . In addition, a subset of quinquefasciatus or the hybrid between Cx. pipiens pipiens form pipiens and Cx. pipiens pipiens form molestus = Cx. pipiens pipiens form pipiens x molestus) using a molecular DNA typing assay from DNA of the whole mosquito body. Multiplex real-time PCR was performed in a 20 ll reaction volume using HotStarTaq â Master Mix Kit according to the manufacturer's protocol (Qiagen, Hilden, Germany) [19] .
Mosquitoes were pooled by sampling site, sampling date and taxon comprising between 1 and 253 specimens per pool (mean = 30.53). For DNA/RNA extraction, mosquitoes were placed in sterile reaction tubes and cell culture medium (high-glucose Dulbecco's modified Eagle's medium (Sigma-Aldrich, St. Louis, MO, USA) with 10% heatinactivated foetal bovine serum, 100 U/ml penicillin, 100 lg/ml streptomycin and 2.5 lg/ml amphotericin B) and stainless steel beads with a diameter of 5.0 mm were added for homogenisation in a TissueLyser (Qiagen, Hilden, Germany) at 50 oscillation/s for 2 min. 200 ll of the homogenate were used for DNA extraction, which was performed with KingFisher TM Flex Magnetic Particle Processor using MagMAX TM Pathogen ribonucleic acid/DNA Kit (both Thermo Fisher Scientific, Waltham, MA, USA) according to the manufacturer's protocol.
Samples were tested with a one-step pan-flavivirus RT-PCR to detect different flaviviruses such as West Nile virus, Usutu virus, Japanese encephalitis virus, St. Louis encephalitis virus, Zika virus, dengue virus and yellow fever virus. The primers mFU1 (TACAACATGATGGG AAAGCGAGAGAAAAA) and CFD2 (GTGTCCCA GCCGGCGGTGTCATCAGC) were used with the Onestep RT-PCR Kit according to the instructions of the manufacturer (Qiagen, Hilden, Germany). Thermal cycling conditions comprised an initial RT step at 50°C for 30 min, followed by 95°C for 15 min and then 45 cycles of denaturation at 95°C for 20 s, annealing at primer pair-specific temperatures for 20 s and polymerisation at 72°C for 20 s. Positive samples were further analysed with WNV-specific assays (Table 2 ). For synthesising cDNA, the SuperScript â III One-Step RT-PCR System with Platinum â (Life Technologies, Karlsruhe, Germany) was used with specific designed primers for WNV ( Table 2 ). The temperature profile was as follows: 50°C for 50 min for reverse transcriptase denaturation and 94°C for 2 min followed by 45 cycles at 94°C for 20 s (denaturation), 55°C for 30 s (primer annealing) and 72°C for 45 s (elongation). The reaction was completed by a last elongation step at 72°C for 10 min. PCR products were visualised via Midori Green Advance added agarose gel electrophoresis (2% agarose gel, Biozym Biotech, Hessisch Oldendorf, Germany). The PCR amplicons were used for Sanger sequencing (LGC genomics, Berlin), and deposited to GenBank under accession number MF462262. A total of 108 representative WNV strains with known year, host and geographical origin of detection, covering all lineages of WNV, one WNV sequence obtained in this study and one Japanese Encephalitis Virus (JEV) as an out group retrieved from a public database (GenBank at http://www.ncbi.nlm.nih. gov/genbank/) were used for phylogenetic analysis. Multiple alignment was performed using the MAFFT algorithm in Geneious v 7.1.8. Aligned sequences in data set were used for construction of phylogenetic tree using the neighbour-joining algorithm in Geneious v 7.1.8. Bootstrapping with 1000 replicates was undertaken to assess the robustness of the phylogenetic trees.
Results
A total of 32 317 mosquito specimens belonging to 25 taxa in four genera were collected in 16 trapping sites in Table 1 ) with a BG-Sentinel trap. This positive WNV sample was partially sequenced (5217-bp corresponds to nt 1827-7048 in E-NS1-NS2A-NS2B-NS3-NS4A-NS4B).
The phylogenetic analysis demonstrated that the Iranian WNV strain derived from mosquito belong within lineage 2 with high similarity to the WNV cluster containing sequences from Russia (FJ425721), Romania (KJ934710) and Italy (KT207791) (Figure 2 ).
Discussion
Although an ongoing surveillance system for arboviruses in Iran has been established since 2000, mainly tickderived Crimean-Congo hemorrhagic fever virus was investigated [20] [21] [22] . The seroprevalence of DENV and WNV in humans in Iran was investigated for several years, but data about DENV and WNV vectors are scarce [23] . The continuous spread of WNV is a public health concern all over the world [24] . WNV is present in several countries surrounding Iran, for example Turkey [25, 26] , Pakistan [27] , Azerbaijan [28] and Afghanistan [29] . Our results confirmed the common suggestions regarding the wide geographic distribution of WNV. Recent mosquito studies in Iran focused only on species composition and morphology, and not on mosquito screening for medical important arboviruses. Here, we demonstrated the presence of WNV in Cx. pipiens pipiens form pipiens (Cpp) from Sepid-Rud in Gilan province, located in northern Iran. This province was previously determined as a province with WNV seropositive humans and horses [14] . Detection WNV in Cpp is interesting, because this vector is thought to be responsible for both enzootic and epizootic transmission of WNV [30] . In addition, the main WNV vector, Cx. pipiens s.l., is the most abundant mosquito species in some parts of Iran [31] , which might increase the risk of WNV transmission to humans. The phylogenetic analysis emphasises the close genetic [12, 32] . The presence of WNV lineage-2 in Cpp suggests that WNV lineage-2 might be responsible for indigenous WNV cases in Iran; however, the possibility of a WNV lineage 1 strain as a co-circulating strain in Iran cannot be excluded [33, 34] . Public health authorities in Iran should pay more attention to vector control measures to reduce the density of WNV vectors, given the risk of WNV disease cases in Iran.
